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This is the design of a lunar core drill that is expected to
operate safely in the lunar environment, to extract core samples
from the ground of the moon with 32/4 of an inch in diameter. The
instrument is to be mounted on a backhoe (also designed to work
on the moon), and to be driven by a hydraulic motor. A& detailed
description of the wvarious parts of this machine has been

presented along with detailed drawings.




PROg!

BACEEGROUND

There were many problems encounterred in the design of the
lunar core drill with most created by the lunar environment. The
temperature can range from 200 degrees farenheit to negative 200
degrees farenheit which is far from the conditions found on
earth. There is also the problem of intense radiation on the moon
caused by the lack of an oczone layer or similar atmospheric
protection. Moreover the gravity on the moon is one sixth of that
on  earth, and thus it takes one sixth of the force reguired on
garth to move an object. To complicate matters even more the
lunar environment contains no airg a situation not encounterred
on  earth. When dealing with core drilling on the moon, another
factor that must be taken into consideration is the ease of
transportation to the moon and the ease of usze on the moon. It
costs a tremendous amount of money to send equipment to the moon
a0 the less the weight the better. The less space occupied by the
coare drill package would be another step in the right direction.
The ease of use is yet another important factor. The drill system
must be easy to assemble, dismantle, and replace components. The
more  complicated the drill assembly the more problems possible,

and on the moon there are no repair shops or parts warehouses.

The main objective of the project was to design a lunar core

drill able to drill vertically 50 ft. into the moon to obtain
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consolidated core samples having a radius of approximately

0.4225 in.

CONSTRAINTD

The environment constrains he lunar core drill in  many
respects. The gquality of the hydraulic seals is of crucial
importance. Any opening no matter how small will allow air to
escape into the environment and the fluid will evaporate. The
vacuum environment also pfavents the ground up chips at the bit
face from being flushed away by liguid means. As a result an
alternate dust removal method had to be devised. S8Since the
gravity on the moon is one sixth of the earth’s the anchoring
system was of the utmost importance. The system must be anchored
or held solidly to the ground other&iﬁe the thrust exerted by the
hydraulic system will push the assembly off the ground and the
cutting action will be reduced significantly. The high radiation
count and wide temperature range in the lunar environment allows
for only the least sensitve metals and synthetic rubbers te be

used.
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The final bit design Ffor the lunar core drill was a
combination of the standard EWG size diamond core bit
manufactured by Acker and the optimal design parameters
discovered by NASA during their research in a simulated lunar
environment. A considerable number of modifications were made on
the standard drill bit design when taking into account the lunar
enviranment. The two top priorities considered in  the design

process  were the durability of the bit and the dust removal from

the bit.

2. DIBMOMD CLASSIFICATION

The selection process for the type of diamond to be used
involved such factors as durahility-and cutting ability., For the
standard bit, Acker uses AAA guality West African Boartz diamonds
with octahedron or dodecahedron crystal structures  with Cmires
ranging from 10/carat to 50/carat depending on the hardness of
the rock being drilled through. However, RNASA used AAAA quality
Boartz diamonds in their experiments. AAAA guality diamonds are
more  uniform and of a higher guality than the AAA type and thus
are less susceptible to failure under lunar or, for that matter,
earvhly operatine colditions, The octahedrmn crystal structure
was chosen over the dodecahedron structure because of its greater
cutting ability although the lives of the stones are

approdimately the same. It has sharper edges for cutting rock and
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with the possible use of a microprocessor to control  the

penetration rate according to the cutting easg this crystal
structure is preferred. The weight or the size selection of the
diamonds must be made according to the hardness of the rock
formation. In the simulated lunar environment that NASA created .
iron rich basalt uas used because of the similarity of its
properties to  that of moon rock. The hardness of basalt lies
between those of feldspar and quart: and according to the Acker
catalogue the choice wmuld‘be a diamond of 26/carat size. Along
these lines NASA concluded that the Z20/carat stones wer the best
choice simply because they gave a better life than the larger
1G/carat ones uhose shorter life was caused by the stone’s planes
and points tending to be more rounded than the smaller weight

stones.

Diamornd Orientation

When designing the drill bit diamond orientation and pattern
the results From NABA s lunar coring simulation were heavily
consulted. The two meost important parameters set by the NASA
operation in determining the bit's diamond orientation and
pattern were am average diamond protrusion on the bit face of
0.010 in. and pattern of 21 complete line circles(a line circle
is a radial row of diamonds) on the bit face. These two values
affected the spacing between diamonds and the width of the dust
removal channels on the face of the drill bit to be cast. The
diamond protrusion of 0.010 in., was found by NASA to give the
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optimum bit life as was the 31 line circles. Biven a protrusion
of 0.210 in. for an octahedron the length of a side of the
diamond at the bit face is 0.222 in. with a diagonal width of
0.0283 in. based on the geometry of the figure. In order to
determine the number of diamonds in each line circle the
thickness of the core bit obviously had to be taken into account,
but perhaps more importantly the principle that the space between

each adjacent diamond on the plane of the hit face whether®

adially or circumferentially has to be less than the width of

the diamond. Otherwise the matrix could contact om the rack and

uin the bit. For the radial spacing of the diamonds the problem

as solved as follows:

adial thickness of bit face = 0.1125 in.

width of diamond at bit face = 0,02 in.

number of diamonds able to it = Onﬁlﬁﬁ in./0.02 in. = 15,4625

In other words there is room for 15 diamonds to  fit  in
radially., However there must be some space for dust to flow
s0 that it may reach a dust removal channel or bhe moved to the
outside by centrifugal forces before reaching a channel. ANy
number of diamonds from eight to twelve would be adeguate, but
would allow for the best combination of dust removal and

matrix safety. Therefore the radial distance betuesen sach

diamond will bhe (0.1125 in. - 100(0.02in.3/9 = 0.012% in.

In determining the angular spacing of line circles +the same
principle was taken into account, while assuming. For the time
being, there was no 10 line circle stipulation (changes from 31
to 30 line circles for the ease of calculation). By F@aﬁaniﬁg

that if the last two line circles were within 0.02 in. of  esach
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other (or 0.04 if measured from the centers of the diamonds, the
angul ar spacing would be acceptable. The problem was solved as
follows:

The last diamond on each line circle has its center located
approximately (0.735 in. - 0.01 in.) = 0.725 in. away from the
center od the bit face plane. Traveling along this newly
created radius the next diamond center must be at most  0.04
in. away. Therefore the angular spacing of the line circles
will be (0.04in./0.725in.){1B0O/FP1)=32.14 degrees=theta. To have
an  easier figure to work with theta will be set equal to 3.0
degrees. At the innermost radius the diamonds will not touch
even at this angle. (T (FI/180) (0.4235in.)=spacing=0.0222in.

0.02 in. < Q.0222 in. < 0.04 in.
Now the bit will have 120 line circles which is far too many. but
in the next section concerning the bit matrkx contour the number
will be reduced to 30 with the unused area being reserved for the
critically important dust removal channels,

The stones on the bit face were each given a negative rake
angle of 4.9 degrees because according to the NASA speriment
this angle was the optimum for bit life and cutting ability. The
stones on  the inner and outer radii are not involved in  as  an
intense cutting process as those on the face, and thereforse do
not require any rake angle, but nonetheless perform vital
functions. The diamonds on the inside shape the core diameter
uhile those on  the outside shape the wall of the hole. The
diamonds on the inside and outside diametersz are merely

continuations of those on the face with their lines of senters
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running parallel to the centerline of the bit shaft.

4. Bit Matris Contows

In designing the bit matrix contour the top priority was to
have an efficient as possible dust removal system since nearly
BO%L  of all the heat caused by drilling remains in the chips and
these chips cannot simply be flushed away by liquid means. An
excess amount of chips on the bit face cannot only cause melting
of the bit but obstruct cutting of the rock formations. One
possible method considered was to have a flow of pellets pushing
the dust to the outside periphery, but there was a very limited
amount of space to create such a system. Therefore the only
seemingly acceptable dust removal system was to have channels in
the face of the bit leading to the auger flights on the outside
in a similar fashion to NASA s design. As stated earlier,

NASA found 20 line circles to be approvimately the most effective
number to have. The goal was to have the widest dust removal
channels possible at the smallest possible angle from the
respective inner radius tangent. The final matrix face design as
seen on sheet 11A provided an acceptable scheme for removing dust
from the bit face and inside diameter. It provides a good
combination of a small enough angle to allow easy chip flow to
the outside wtilizing centrifugal force, and a wide enough
channel to allow large flows of dust to leave the face. The dust
removal channels interrupt what would be the 90 remaining line
circles giving the bit the 20 complete ones plus 40 additional

incomplete ones. The 40 incomplete line circles are necessary to



keep  the surface of the bit not channeled through from being
worn down by the grinding action of the rock chips. The

depth of the channels were calculated using the depth of the
auger flights machined into the core barrel. There are ten
channels for dust removal leading to two auger flights in  the
fashion depicted on sheet 11 of the diamond core bit drawings.
The dimensions and specifications of the entire matrix are given
on sheets 11-11C.

The depth of the dust removal channels as seen on sheet 11
was calculated using the d?ameter of the bit, the diameter of the
core barrel, and the depth of the auger flights. Since the auger
flight depth is 0.05 in., the channels in the bit face must be
deeper than 0.05 in. to make up for the extra 0.01% in. of radius
the bit crown has opposed to the core barrel’s. There must be a
continuouws channel changeover frDm‘the bit to the reaming shell
and outer barrel. The depth of the dust removal channels is

theretore 0.0150 in. + Q.05 in. = 0,065 in.

- BENMOVAL

1. BACEGROUND INFORMATION
1.1. CORE DRILLING

Core drilling is the process of obtaining cylindrical spil
samples for site preparation prior to building. Thers are three

methods of core drillings: rotary, percussion, and rotary-percus-



sion. Rotary drilling shears the rock with a rotating hollow
cylindrical drill bit. The bit is attached to the driving motor
by a hollow core barrel which contains the core sample. Fercus-
sion drilling is impact drilling. The core barrel and bit (drill
string) are driven by a percussion mechanism which lifts and
drops the drill string repeatedly to impact its way through the
soil. Rotary—percussion drilling combines the methods of rotary
and percussion drilling to penetrate the sopil by impacting with a’

rotating bit.
1.2. CUTTINGS REMOVAL AND BIT COOLING

fAs  the drill cuts, the cuttings which are produced are
removed by  flushing with water or air. The removal medium is
pumped down the inner annulus of the core barrel, Fflows around
the bit and up the outer annulus of the core barrel irgore—ib.
This process serves two purposes: to remove the cuttings and to
coonl  the bit. I+ the cuttings are not removed, the bit will
eventually bind in the hole because the friction will become too
great Afor the motor to twn the drill string. The flow of the
removal medium in this case serves to transport the cuttings from
the bottom of the hole to the surface. fAlsn, the ensrgy to
fracture the rocks in the ground produces heat at the bit-rock
interface, and, therefore, bit overheating becomes a problem.
The +low of the removal medium around the bit serves to coonl the

hit by convection.
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1.%. LUNAR FRORLEMS

However , because of the vacu@m of the lunar environment,
water and other gases would diffuse, and therefore become
ineffective as a method Ffor cuttings removal and heat
dissipation. For  the lunar environment, a system needs to be
developed which will be able to remove the cuttings and dissipate
the heat produced by a lunar core drilling operation.

\

2. FURFOSE

The purpose of this report is to propose a design which will
zolve  the problems of cuttings removal and bit heating to permit

core drilling on the lunar surface.

I, ALTERNATIVES CONSIDERED

CRIGINAL PAGE 18
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Sels BUSFENSION TRANSFORT

Suspension transport is the method of removing cuttings by
means 0f a liquid or gas medium. In the lunar environment,
liquids would be useless for cuttings removal because they would
vaporize into the atmosphere and, therefore, not be able to
transport the coring dust. However, a compressed gas with proper
release around the bit may be able to remove the cuttings. This
type of system would be similar to the systems now used on Earth,
although it would require é complex manifold to properly release
the compressed gas around the bit. Also, it would reguire
storage tanks for the compressed gas. In general, gas storage
tanks are heavy, and this extra weight certainly needs to be

considered if it is to be transported to the Moon.
I.2. MECHANICAL TRANSFORT

Mechanical transport is a method of removing cuttings by
continuous screw transport using helical flights (auger system!.
Thie means that the chips are channeled into a spiral flight and
are  lifted by the screw action of the rotating core barrel.
Ideally, the volume flow rate of coring dust through the screw
equals the production rate of cuttings by the bit. However, in
actual practice, chips fall out between the auger and the hole
wall o that the flights tend to recycle the cuttings. In this
case, the volume flow rate of cuttings transported by the auger
flights must be greater than the production rate at  the bit.
Mechanical tramsport is commonly used in ice core drilling which

is similar to lunar drilling in that water flushing can not bhe
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used because the water would freeze in the hole. Therefore, this

is a proven method which can be applied to lunar core drilling.

4. COMSTRAINTS

Owr  assignment was to obtain fifty foot core samples for
site exploration on the Moon prior to building a lunar base. We
were instructed to use the smallest standard diameter drilling
equipment {(bit, core barrel, and drill rods) te reduce the

drilling power requirements and the total system weight.

3. FRELIMINARY DESIGN

Because of its simplicity, proven effectiveness, and
comparitive light weight, I have chosen to use thé auvger system
for our preliminary Lunar Core Drill design. This system will
require the design of auger flights to transport the cuttings and
a chip basket to contain the coring dust. The double tube corse
barvrel is a presently available tool which can accomplish  this
task. The double tube core barrel is a device in which the outer
barrel connects the motor to the drill bit and the inner barrel
contains  the coylindrical core sample. A bearing system {(head
assembly) separates the outer barrel from the inner barrel to
keep the inner barrel from rotating, thereby producing a more
distinguishable core. For ow system, auger flights could be
machined into the outer barrel, while the inner barrel could he
modified to contain the core and the cuttings.

Sel. AUGER FLIGHT DESIGN

QRIC ML A 13
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S.1.1. Cuttings Removal

The primary function of the auger system is to remove the
cuttings produced by the drilling operation. Therefore, the
auger flights must pick up the cuttings as they are produced by
the bit and lift them to the surface of the hole or into a chip

basket.

=

Selalals Auger Angle

The auger angle is the pitch of the auger flights, and it
controls the speed at which the cuttings are lifted. A  higher
auger angle increases the rate which the cutting; move up the
barrel, thereby increasing the volume flow rate of cuttings
transported in the helical flights. However, it also makes it
more difficult Ffor the chips to enter the flights at the bit,
and increases the power used to lift the cuttings. A lower auger
angle, on the other hand, reduces the power required and makes
the entry of the coring dust into the flights easier, although it
also  reduces the volume flow rate of the transported cuttings.
Therefore, a compromise must be reached to reduce the powsr
required and increase the ease of cuttings entry into the auger
flights while still maintaining an adeguate volume Flow rate

through the helical flights to keep up with the volume of

cuttings produced by the bit.
Gud.1.20 Auger Flight Dimensions

The auger flight dimensions determine the volume flow rate

ORIGINAL Pa5E 13
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nf cuttings which can be transported for a given angular velocity
and auger angle. As the auger flight depth and width increase,
the cross sectiqnal area also increases, thereby increasing the
volume flow rate of the transported cuttings. However, there are
limitations to the auger flight dimensions. If spirals are being
added onto the outside of the core barrel, the ocutside diametef
of the spiral helix can not ezceed the inside diameter of the
hole being produced or friction will result. Al so, it auger
flights are machined into the barrel, the inside diameter of the
spiral helix can not be smaller tham the inside diameter of the
core barrel or you will ruin the barrel. For these reasons,
consicderation of auger flight dimensions is necessary in

preventing later problems.

e

5.1.2. Bit Cooling

The energy to shear the rock in rotary drilling produces
heat at the rock-bit interface. This heat is then transferred to
the cuttings, the rock, amnd  the bit. Since there is no
convective heat transfer from the lunar environment, bit
overheating will be a problem. As the bit temperature increases,
the steel bit matrix will begin to melt, causing deformation of
the bit and a reduced penetration rate. Then, if the bit
temperature continues to increass, the diamonds will deform and
dull, stopping the drilling. Experimentation done by the Martin-
Marietta Corporation (ref.2) concluded that eighty percent of the
heat generated is transferred to the chips, part of the hegat goes
to the rocks, and a small portion of the heat is transferred to

the bit. Therefore, if the cuttings can be removed effectively

1 . n e
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by the auger system, dry core drilling can be accomplished.

S9.2. CHIP BASKET DESIGN

Because of our fifty foot drilling depth requirement, it is
necessary to propose a chip basket design to prevent transporting
the cuttings to the hole surface when drilling depths exceed ten
feet. I propose to modify the inner barrel of a double tube core
barrel to contain the coring dust as well as the core sample.
This would require divigimn of the inner barrel by a plate
separator to prevent the cuttings from mixing with the core
sample, and an entry section through which the coring dust could
enter the inner barrel from the helical flights on the outer

rotating barrel.

a2.1. Chip Basket Separator

u

The chip basket éeparatur will be a circular Fflat plate
approdimately  1/4 inch thick and the same diameter as the inside
diameter of the inner core barrel. This flat plate will be
welded on the inside of the inner barrel just above the core
sample section to prevent mixing of the cuttings with the core

sample.

J.2.2. Chip Basket Entry
Entry of the cuttings into the inner barrel assembly will be
through a hole in the outer barrel and a vaned section in  the

inner harrel

. This entry section would contain
¥

four  steel rods, equally separated and welded around the inner
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barrel section, to permit easy cuttings entry, and would be
located at the same horizontal level as the holes which are
drilled in the outer barrel at the end of the auger flights.
This will allow the cuttings to flow from the outer barrel auger
flight through the hole and the vaned entry section into the

inner core barrel.

1 INTRODUCTION

1.1 BACKGRUOND

IR RV P



In considering types of prime movers for the lunar coring
drill, two basic systems were analyzed: electro-mechanical, and
hydraulic. The electro-mechanical systems have two major
advantages; they are easily controlled and easily instrumented.
Batteries and fuel cells are the only electrical power supplies
feasible for lunar use. Solar—-electric converters are not
feasible, due to their fragile natwe and size requirements for
sufficient output. In order +to operate the drill for eight
hours, a two-thousand five-hundred pound (2500 1b) batery or a
twenty pound(20 1b) fuel cell, which must be recharged twice
during operation, needs to be integrated into the system. Fower

supply, however, isn’t the only obstical presented by this type

of system. The mechanical drive, be it rack and pinion or
differential gear, posesses  substantial wear potential and
friction. Convential lubricants cannot be utilized to fight

lfriction in a lunar environment because of vacuum vaporization.

In comparison, however, hydraulic drives offer minimum
mechanical wear and friction. Hydraulics presents a whole new
area of problems, thouwgh. Two outstanding ones are:

1Y fluid containment
2) heat disipation

Vaporization of hydraulic fluid at the seal-actuator interface,
elliminates the use of convential seals. Adegquate +fluid

containment, however, can be achieved using advanced polyimide

and molecular seals. Since there is no convection in the lunar
environment, heat must wltimately be radiated away. Conducting
heat from the fluid resevior(acting as system heat sink), to the

vehicle frame, for radiative heat transter, allows for sufficient

21 ORIGINAL PAGE 1S
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heat dissipation from the hydraulic fluid.

A hydraulic system was ultimately selected to serve as the
prime mover in the lunar coring drill. Hydraulics offer
increased durrability over electro-mechanical systems and can  be
modified readily for lunar use. As well as its engineering
advantages, a hydraulic system is also more economically

desirable.
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A variable displacement axial piston type hydraulic motor was
chosen for use as the rotary actuator in the lunar coring drill.
An auxial piston motor has less slippage, and hence more efficiency,
than either vane or gear type hydraulic metors. Higher
efficiencies are always desirable‘ in any system but more so for
lunar systems. Delivering more power from the hydraulic motor to
the drill string decreases the amount of energy dissipated as heat
to the hydraulic filuid. The heat generated, however, does need
to br dissipated. Since, in a vacuum, heat can only be radiated,

the generated heat should be kept to a minimum.

2.1 MOTOR DISCRIFTION

Shatt rotation in a variable displacement motor depends on a
pressure gradient. The system consists of a rotor which connects
directly to the output shaft. Bores, located in a prescribed

anulus, are machined into the rotor. Fistons, located in the

hores, slide on a tilted camplate.

ORIGIN, .
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The pressure gradient, created by a pump, causes the pistons to
reciprocate and a flow to be induced. For reciprocation to
ocowr, the totor must spin and, hence, the output shaft must also

SRiN.
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Table 1 shows the necessary requirements that must be met by

the hydraulic motor.

23,42 in/s
800,00 in—-lb
650,00 Fpm

2300, 00 psi
8.87 Hp

T TUZAHD

B - flow rate N -~ spead P power
T ~- torgue P - pressure

Table 1 — motor parameters
These parameters were calculated with a ninety—three percent (9341
efficiency assumed for each component of the system. A complete

torgue and motor parameter analysis may be found in Appendix A.

I HYDRAUL IC CYLINDER

e o BT e e SR R S N T SRS L LS LS

The cylinder lift force is determined by: the weight of the
drill string, weight of the motor, and in—hole friction. The
force required by the drill string weight is two-hundred sixty
pounds (260 1b}. The force due to the motor weight and in-hole
friction, however, must also be included in this analysis. In-
hole friction, duwring retraction, is estimated to be Ffitty
pounds (S50 1b) ., The terrestrial weight of the motor and mount is

approximatly two-hundred pounds (200 1bd, which places the lunar
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welight at around thirty-four pounds(34 1b). Therefore, with
adequate safety factors included, the total lift force becomes
one~thousand five pounds{i00S 1b). Prilling, on the other hand,
requires a one-~thousand pound (1000 1bh) push force. A thorough
analysis of hydraulic cylinder force parameters can he found in

Appendix B.

2.1 CYLINDER SIZING
From the hydraulic cylinder force information given above,

the size of the bore and rod diameters can be determined. The

bare diameter is obtained from the definition of pressure.

2
P = F,./A and A =Td,/4
Therefores:
d = {3E_./PW
d = (AC1000 1b) /T(2600 psi¥ = 0.7 in

o

Assume a rod diameter of 0.5 in . The annulus area, then, is the

bore area minus the rod cross—-sectional area.

B T, LR
A F Tt T(0.35 in) = 0.3848 in

A= Ty = T (0,25 in) = 0.1983 in~
A, .= Plb": Amf 0.3848 int - 0.198% in*

= 0O.18B463 int
The annular area must now be checked to see if it is  large

enough to lift the required load.
G198 inTr 1005 1b/ 2600 psi = 0.3865 in~

As  is seen from this result, the bore area must be increased to

supply enough armmular area to lift the load.

P




Let d,= 1.0 in o

a e o , >
Then, AF Tre= T0.5 in) = 0.7854 in
And, A, = 0.5871 in®

Testing again:
8 Lo ' Q‘ o BTt ™ 4 — ™ -r = 1 <
0.5871 i » 1003 1b/ 2600 psi = 0.3865 in

This shows that a bore diameter of one inch(l.0 in) gives

suwfficient annular area.

3.2 COLUMN STABRILITY

PR 4P -3 IO W S § 2 <IN A

The hydraulic cylinder rod, when fully extended, can be
modelled as a clamped-clamped column. Being =so thin, the
critical buckling load of the rod must be determined to see if
failure is possible under loaded conditions. The critical
buckling load for a clamped-clamped column is given by the
relation:

P, =T4IE/LS

E = 3Z0E6 psi I = 0.0031 in' L = 54.0 in
F o= 1260 1hb

A margin of safety of twol(2.0 is recommended for this
application. that is, if the rod is to be laoded at one-thousand
pounds (1000 1b), it must be capable of withstanding two-thousand
pounds {2000 1h). From above, & half inch{(0.3 in) diameter does
not meet this requirement.

Let, dob= 0.75 in
Then, F, = 2008 1b

ey

s
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This diameter is acceptable. However, the annular area must be
rechecked.
a — . >~ . =
A= Tr,= T(0.375 in) = 0.4418 in

A = A Ag™ 0.7854 in*- 0.4418 in™>
’ = 0.3436 in¥

This is unacceptable, therefore, let d,.= 1.2 in .

Aps ThHi= T(0.6 i = 1,131 in®

A= Ay A 1.131 in = 0.4418 in'
= 0.6892 in
These dimensions: dpj= 0.75 in, and qwz 1.2 in, now
meet the requirements.

The commercial hydraulic cylinder that meets these criteria
is the Lynair Inc. number H-1.2-A-3-1-54-0,.75-5 . The ordering
scheme  follows this form: Model-Bore Size-Mounting Style(foot
mount)~ Type of Cushioning{cap end only)-Rod End Style(full male)
~8troke Length-Rod Diameter-Fort Location(same side as mount).
The hydraulic cylinder should be equipped with a Chevron polyimide
vacuum actuator seal. A sketch of the hydraulic cylinder is

~y

shown in figure 2.

It is desired that this system posess the ability to be

attached and disconnected quickly Ffrom the main operating
vehicle., To acomplish this, the design reguires ome input and
one output flow line to the system. The twn work producing

fluidic components(hydraulic cylinder, hydranlic motor) must be



supplied by this one input. Therefore, the input is directed
into a flow divider. A Frince Hydraulics model RD  20004:1)

proportional flow divider can preform thes task.

4.1 FLOW DIVISION

The RD 200(4:1) proportional flow divider will divide the
flow of one pump into two equal flows, regardless of the load
variations on each stream. The input flow can change and the
praportional Fflow divider will divide the +low equally. The
unequal flow ratio is reqgquired because the flow rate in the

hydraulic motor is approximately four times greater than that in

the hydrauwlic cylinder. Flow through the divider is in one
direction only. The outlet flow from each component is to be
combined using & Y shaped flow combiner. A Snap-Tite Inc. model

FES4O0FTR2ENST Siamese fitting is acceptable for this pourpose.
However, The Fitting must be scalled down to a one inch(l.0 in}
output port and two one haldf inch(0.5 in) input ports, A
device such as this would have a model number FSS1FTOLISNST

according to the Snap-Tite Inc. ordering ftormat.

4.2 CONTROL. VALVES

The flow From gach line of the proportional +low divider
must be sent in two different directions. That is, to the rod
and cap end of the hydrawlic cylinder or to the high and low

pressure ports of the hydraulic motor, The location of fluid

ORIGIvAL &/t |8
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supply will change depending on which direction the component is
acting. A three-way valve directs the flow in this manner. The

-

Frince Hydraulics model RD 2100 type T3 valve was selected for

this application. This valve can power a hydraulic cylinder ovr
hydraulic motor in both directions. In neutral, the work ports
are blocked and the pressure port is open to tank. A summary of

the RD 2100 type T3"'s characteristics is shown below in Table Z.

Fort Size — 0.5 4in inlet, outlet, and work ports
Spool Type - T3(3Z way/open center)
Relief Type - direct type ball/spring relief
rated: 2800 psi for cylinder
2300 psi for motor
Load Checlk
Option —~ 1(load check installed)
Spool Attachment — 2 position spring center to neutral
Inlet — Al(standard location)
Outlet — l(standard location)

2 RD 2100 T3 valve characteristics

=
13
io
Ll
i}
ikJ

The astronaut/operator needs some feedback on how the dril-
ling operation is progressing. In terrestrial operation, the
operator  listens +to the drill to tell if he is pushing it too
hard or not hard enough. The hearing impairment, a lunar enviro-
nment presents to the astronaut/operator, prevents bhim from lis-
tening to the drilling. To supply him with information, pressure
gauges are placed at the outlet ports of the directional control
valves for the hydraulic cylinder and hydraulic motor. These
valves should be calibrated to red line at 24600 psiithydraulic
cylinder) and 2530 psi(hydrauwlic motor). A Templeton, Eenly %

Co. gauge number 18900 with range O -~ 5000 psi and face dial



diameter of 4.5 in is adeguate for this job. This gauge requires

an adapter, number 1897&.

4.3 ALTUATOR SEALS

In ouw hydraulic cylinder system, we decide to use same
actuator seals that in "NABA 1971 Space Shuttle Study" they
designed. As  you see Drawing 2-2-1, the approach to the high
temperature actuator seal problem is the use of advanced polymers
such as polyimides in che?ron configuwations with needed sealing
force provided by pressure and metal springs.

According to their data, such designs have been successful
under severe duty cycles to D00 F. In simulated aircraft fight
cycle experiments at 500 F sealing a 4000 psi silicone fluid from
atmosphere, the leakage rate for wvér 1000 houwrs of operation was
less than 0.02 cc per hour. Also lubrication studies in  vacuum
show polymides to have excellent self-lubricating properties and
have no measwrable deterioration in vacuum until temperatures of

aboput 700 F are reached.

Like actuator seals, we are Qoing to use the same rotating

shatt seals that in "NASA 1971 Space Shuttle studies" they

designed {for the hydrauric motor. {(shown Drawing 2-1-2A) This
design uwtilizes a spiral groove radially outward pumping face

seal with interface liguid feed to remove heat generated in share

of  the thin (100 to 200 microinch). Further, a helical groove

g,

ALY I



molecular flow vapor seal with low surface energy barrier +films
is provided to FDntain leakage past the spiral liguid seal. (see
Drawing 2~1~EB)‘

According to "NASA 1971 Sp%ce Shuttle Btudies", the spiral
groove cancept was used to provide a no leakage seal for liguid
sodium  and oil and has been in corporated in recent experimental
mainshaftt seals for aircraft. Studies of a rotating helical
molecular flow seal combined with a visco seal for organic fluids
(4F3E  polyphenyl ether) at modest pressures gave leakage rates

vacuum (10 torr) of 0.7 to 2.6 kilograms in 10000 hours.

4.6 HOSE, FITTINGS, ASSEMBLIES

Hydaulic hose has a finite life and factors which will
reduce hose life are;
(1) Flexing the hoose to less than the specified minimum bend
radius.
(2) Twisting, pulling, kinking, crushing or abroading the hose.
(%) Operating above or below the hose operating temperature
Fange.
(4) Exposing the hose to suwge pressures above the operating the
maximum operating pressure.

For ow hydraulic system, hose should stand internal
pressuwe under 2750 psi. We will use TAEROGUIF CORF. High

Fresasure’ Hoss

i

senblies MNo.
embliss No,

Fitting, As
Ritting, £

)

RN
DA
3
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Parts List: Hchra.ull'c Com?onenfs

DRAWING QUNTITY ITEM # PART # DISCRIFTION
2 1 1 Lynair Inc. Hydraulic
H-1.,2~a-3~1-54-0.75g Cylinder
i 2 Special Cylinder
Rod—Motor
/Frame
Mount
Adapter
1 ) Special Motor/
Frame
Mount
2 4 Frince Direction
Hydraulics Control
RD 2100 T3 Valve
i 3 Frince Fropor—
Hydraulics tional
RD 200(4:1) Flow
Divider
B é AReroquip Corp. Hydraulic
Hose 680-8-L Hose
1 7 Snap~-Tite, Inc. Flow
FSSIFTO.SNST Combiner
z 8 Templeton, Fressure
Fenly & Co. Gauge
# 18900
2 4 Templeton, Fressure
Fenly & Co. Gauge
¥ 18976 Adapter
1 10 Sunstrand Hydraulic
Motor
2 1 1 Special Actuator
Seal
22 1 1 Special Frame
Struts
1 Z Special fFrame
Collar
ey 1 1 Special CAdapter
Housing
1 2 Special Clip Bar

ORIGINAL FAGE 18
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1 3 Special Retainer
Spring

1 4 Special Fivot Fin

1. Anchor Design

The penetration force needed is approximately 700 1bf which if we

neglect the weight of the drill, would cause a reaction shear

force of 700 1bf distributed on four bolts.

Design of the type and size of the bolts.

Assume that during the operation, an additional Fluctuating

reaction of about (300 1bf/4 bolts) = (175 Ibf/bolt) might he
A R (I¢/ bott)

caused due to vibration. 20 b

Then the loading diagram would

be that of figure .choosing a 175

factor of safety n=2,the mawxi-

L

mum shear stress on the bolt , Hme

s

e

S=(n.r)/a =(2R25M /7 ({ 74)%d )
Where d is the nominal diameter of the bolt.

I5ing & nlt ateria it : = g = 115 ksi, i
Using a bolt material with 506 ve 115 ksi,and using

thedistortion energy theory of failure,we get:

=] = L.577 &
vt
max
= ,O77 X 115 =4&.35 ksi

Using a fatigue strength reduction factor H{ far cut threads and
ORIGINAL PACE 1D
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SAE grade from 4 to B8 : K = 3.8 which also accounts for surface
finish +act0r,size factor and stress concentration factor,also
using 50 %4 reliability. |
Ignoring temperature and miscellaneous effect:

Se = 66.35/3.5 = 17.46 Ksi
Equating (1) and (2)

2000/d = 17460

d = 0.2

-

in which is the minimal size for n=2 so to be on the safe side
use d=0.3 in use 8AE Grade 4 Bolt, 0.3 in diameter (Mominal)
Froof strength of 65 Esi

Tensile strength of 1135 kEsi

Yield strength of 100 Ksi

Hardness between C 22 and C 32 (Rocﬁwell)

Medium carbon cold drawn steel

At = 0,045 in

To be conservative in our design we can use either larger bolt
diameter or more than 4 bolts however larger number of bolts may

vield a better load distribution which also helps distributing

the vibrational stress.

da Ioplenent Interface Movement

Levelling the drill to operate vertically is a task achleved

by hydraulic cylinders acting on the base of the drill; attached

to  the frame of the backhoe as shown in Figuwres A and B, The
levelling mechanisms shown in Figure A cylinders 1, 2. 3%, 4, and
5 account for rotating the drill about the z-axis and the y—-axis.

ORIGINAL PAGE IS
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Cylinders 1, 2, and 3 would control the required position with

respect to the z-axis, and the two cylinders, number 4 and number

=

o (symmetric to number 4 with respect to the x-y plane, not shown
to simplify the drawing) would control the required position with
respect to the y-aris. As far as the levelling around the x—axis
is concerned, this should be accomplished by an implemantary
design on the body of the backhoe as shown in Figure 2. However
this design is necessary for the backhoe to be able to assume
that the drill is anchored to a rigid body with respect +to the
ground, which is necessary for the stability of the system when
the drill is operating. With this additional feature we can
acquire a levelling control around the x—axis within a narrow
tolerance, which is also large enough to put the drill in a

vertical position.

DRILL STRING ASSEMBLY AND DISASSEMBELY

To drill O0-3 feet (assembly):

1. Couple preassembled drill string head to motor.

Drill 5 feet, then to obtain core (disassembly):
1. Retract motor to upper limit position.
2. Unscrew head assembly from motor.

Ze Unscrew outer core barrel from head assembly.

4, Full out head assembly still attached to inner core

S



To dr

Drill

To drill

111

barrel.

Unscrew core lifter case from inner core barrel.
S5lide core out of inner barrel.

Reattach core lifter case to inner core barrel.

Unscrew inner core barrel from head assembly.

I-10 feet (assembly):

Screw second preassembled outer core barrel to First
outer core barrel in ground).

Couple Ffirst inner core barrel to second preassembled
inner core barrel.

Attach inner core barrel assembly to head assembly.
Insert inner core barrel string into assembled ocuter core
barrel string.

Attach head assembly to outer core barrel string.

Attach head assembly to motor.

feset, then to obtain core (disassembly):

Retract motor to upper limit position.

Unscrew head assembly from motor.

Unscrew head assembly from outer core barrel.

Full  out head assembly still attached to inner core
barrel string.

Unscrew core lifter case from bottom inner core barrel.
Slide out core from lowser inner core barel.

Reattach core lifter case to bottom inner core barrel.

Unscrew inner core barrel string from head assembly.

10-15 feet (assembhly): ORIGINAL PAGE IS
OF POOR QUALITY



10.

Qttéch third preassembled outer core barrel to outer core
barrel string (in ground).

Couple third vaned inner core barrel to top of inner core
barrel string.

Attach head assembly to inner core barrel string.

Flace inner core barrel string into outer core barrel
string.

Attach head assembly to outer core barrel string.

Attach head assembly to motor.

feet, then to obtain core (disassembly):

Retract motor to upper limit.

Unscrew head assembly from motor.

Unscrew head assembly from outer core barrel.

Full out head assembly still attached to inner core
barrel string.

Unscrew core lifter case from bottom inner core barrel.
lide out core.

Reattach core lifter case to bottom inner core barrel.
Unscrew inner core barrel string from head assembly.
Dump cuttings from upper two core barrels.

Attach head assembly to inner core barrel string.

Tey drill 153-50 feet (assembly):

Flace inner core barrel string into outer core barrel
string.

Attach head assembly to outer core barrel string.

Attach drill rod (5 ft.} to head assembly. CULET WD N



4. Attach drill rod sections until reach motor level.

5. Attach last drill rod to motor.

Drill 3 feet, then to obtain core (disassembly):
1. Retract motor to upper limit position.
Z. Unscrew drill rod from motor.
o Uncouple drill rod sections until reach the head
assembly.
4. Uncouple last drill rod from head assembly, then repeat

steps J—-10 ¥Dr‘di§assembly after 15 feet, and continue.

COMCLUSIONG &

i
Ak

ELOMMENMDAT 10N

This report proposes a coring dust removal system for the
lunar core drill being developed for NASA. This system will
include auger flights to transport the cuttings produced and a
chip basket to contain the coring dust when drilling depths
exceed ten feet. I will use a double tube core barrel to
accaomplish these tasks. The auger flights will consist of
grooves machined in the outer barrel, and the chip basket will be
a modified inner barrel with a vaned entry section to allow the
coring  dust to enter and a flat plate separator to separate the

cuttings from the coring sample.

After my preliminary design worlk, I have recognized three

areas which will require further consideration: a wireline system

£ ":\l'i_}-‘ o



to ease removal of the inner core barrel and chip basket, a
bayonet mounting system for proper alignment of the auger
flights, and a drilling duty cycle to allow the bit to cool by
conduction to the lunar subsurface. Because of the difficulty
which may be encountered assembling and disassembling the drill
string at deep drilling depths, a wireline system needs to be
considered which will reduce the wear on the outer core barrel
and ease removal of the inner core barrel assembly. Also, a
bayonet mounting system, similar to those used for I5mm camera
lenses,~ would be an effective method for proper alignment of the
auger flights on the different drill sections. Finally, since
the estimated temperature of the lunar subsurface is 235 kK at
depths below thirty inches, a drilling duty cycle consisting of
intermittent periods of drilling and cooling could prove to be an

effective method to solve the problem of bit overheating.

Cooling the bit is still a main problem for its durability.
Since convective cooling is out of the question because of
operation in  a high vacuum environment, we are left with fwo
other solutions.

1} An internal cooling fluid cycle passing through drilled
grooves in the core barrel wall. However, this solution is
impractical because of the difficulties in manufacturing and in
getting rid of the heat in a vacuum environment up on the
asuwface, once the heat is extracted from the bit

) Ancther solution is to rely on the radiation and
conduction modes of heat transfer by feeding bit temperature

information into a microprocessor attatched to the {réﬂﬁﬁw*”hﬁgnrﬂo
3994 AU A REAM A
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would be programed to shut down operation once a’ prescribed
temperature is reached. Then let the bit coll through conduction
and radiation at the bit-rock interface. An information flow
diagram is shown in figure C. However, to avoid the difficulties
encountered in constructing this system, the microprocessor can
be programed to shut down drilling after a prescribed penetration
is reached. This program should be based on laboratory test

measurement.

One possible recommendation would be to search for a less
expensive core bit. The processes involved in making the desired
core will be extremely xpensive to manuwfacture and the
materials, including the alloy and the diamonds used, do not come
cheap either. Ferhaps some sort of impregnated diamond bit should
be researched‘ more heavily. Although the current design has
premium cutting ability and durability, an attempt at a less
expensive bit might be worthwhile especially if cost is of great

importance.

The speed and efficience of the entire drilling process
depends s0ley upon the astronaut/operator. The
astronaut/operator, on the ether hand, relies upon information
received from the pressure gauges. To ensure accurate gauge
readings and subsequent valve actuation, a microprocessor can be
installed on the drill. The microprocessor will work by 1)
receiving pressure  information from  the pressure transducers
located at the hydraulic cylinder and hydraulic motor  high
preassure  ports; 2) comparing the incoming pressuwre data to

OR!GI . FAGE 18
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critical (somewhat bel ow red line) values stored in the
microprocessor’s memory; 3) if the pressuwre exceeds the critical
value, the microprocessor will send a signal to the valve

solenoid actuator, thus restoring the pressure to its optimal

value. However, the microprocessor is not limited to only
controlling system pressure. It may also be integrated into the
system as a temperature monitoring device and/or with

modification, a frame vibration and alignment sensor.

IS
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AFFENDIX A

The estimated load necessary to cut hard rock is:

o= 500 1b

sl As

The cutting load can be exsprs

Friction results from cutting and from wall-drill  string  sor

ping. The wall-drill string friction is estimated to be FRa = 100
1b. brie

oo & Figua = 500 1h (0,5 = 250 1b
slidimg frictiaon{a]

2.5 = copfficient of

The total perriferial force is the sum of the frictional forces
and the cutting force. :

Feor
+ 100 1 o+ 1000 Ib

The torgue reguired for drilling can now be determined.

wherea, Favg = AVErage it

P 2 1 B
(O, 8B788 inm)

ir-lh

The inertial torgus must also be accounted for,

where, m = Al =

T, NERL = 11,7 daedh




T =

w7 T‘:ﬂ‘ce *+ T""

= 7O
SO0

in-lh
in-1b

Using

can bhe

the torgue information above,

loul ated.

Limated

output

The power expended can be

TR\
8200

P o S

OO

B u
Fu it

Hp

Q7 HEO0 =
2500 psi

Therefore, G

The sstimated efficiency of all
he ninety-three percent (93%).
corrected for this rating.

The motor

L3,
inT s
in—-ibh

e ';'

spead (M)

in-lb «

+ 1w

Thus

~y
u oAl

in-ib

fan
o
i

other motor parameters

to he

2.25

Hp
¥ QS AEADG

P1.78 in® /3

to
he

sy
musth

dic ponents 15 as

Com
the parameters

int /s

in Table ALl
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AFFEMDIX E

L

This appendix summarizes the caloulation of drill-string
and  inertial lift force. The total force(F ) required by
drill-string weight and inertia can be expressed as:

a — accelaration
W weight

The mass is given by:

Jir? L0277

w3, AR08

SIS B ]
4&

1h

gy
w al f

— density
cross-sectional
length

araa

The weight is given by:

= 40,2716 Ry
259 1ib

N e

{5

Fou

£
£

g
g et

=~ lunar gravi

g Ao

L L3 o
L A&7 fhSs

celeration s glven by

2‘:"’3

£

v

vl ool Ty

stroke

distance

The

Ther o4
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The necessary alements regquired to determine the foroce nesded Lo
overcome drill-string weight and inertia are now availlable.

Fw= ma + w
= 48,27 1b (0.00310 ft/s ) o+ 259 1D
= 2EG 1h

he included in
»atimated to he
Eimated to he

Motor  weight  and  in-hole friction must

5 as other foroes(Fal. The motor i@
S0 Ibh o3 oamd the in-heole friction i
pounds (200 1b).,

Therefores

Fa = S0 1b + (200 1b /22,2 ft/=%)

= 75 1k

The total lifting force then becomes:

F' am Fw B Far‘k
AT A B R

235 1b

e
LU
fomst
=

factor of three!

fomats
Hernces

must e dnoor P a

A1k O
= 1005 1h

4 the drilid
3o The

miy factor

Force  redadred
Five-hun I paonds O
this wal warent a s

force L5

charE i ng Cord g

made in st

timati

Therefors fhs p

L0 [P g

Epmm SO0 Ik = 1000 1h
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APFENDIX C

Yolume Flow Rate Calcoulationss

The volume flow rate of the cuttings produced by drilling is:

VI HA % F
VF dis
Hi is
Fois

where the volume produced per
the hole area, and

the penetration rate.

hole ian

The A e @

A
Mo =y % (H o - ey /o4

diameter, and

diametar.

hole
oo e

wher e H iz the
Cis the

For "E" size drilling squipment,

H = 1.3 inchas, and
2.8125 inches.

e td

Therefore, HA = 1.25 inT.

the

The masimum penstration rate for
per minute.

mi it

Lumnar

rEmoy e

Thie

wolums Flow rate of cuttings

G % GLoX

LV2 SN

rate of

Vi i

AT -

wolume F1ow
Aauger ight
length of the

o
girOove
Algerr

the
the
tles

the

whisy e £
+1

e
i

The groove area is:
Gify o= B0 ¥ GW

and

groove depth,
wi it

m

i

T
i

angular velocity ofthe «

(wh¥

oy
e 1

Core

te

Drill

4 4=

4

i




The groove length per revolution is:

GL =T % BOD * N / cos B
whiesr e BOLD is the coreg barrel owtside diameter,
N is the number of auger flights, and
8 is the pitch angle of the auger flights.

I+ we use an EWM core barrel, the outside diameter is 1.4378
inches.

Azsume an avger angle of 13 . and two auger flights.
The groove length, then, GL = .35 inch/revolution.

. -

The minimum drill string rpm for the lunar core drill is 270 rpm.

-

The volume flow rate safety tactor is:

YROZLOWE = 4

Sinoe the safety factor is satistactory. the CHF @Y L DS
specitications,

Groove Width = 00,1875

Groove Depth = O,05

AL Argle = 157,

szhould be satistactory.
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AFFENDIX D

Chip Basket VYolume Calculations:
The volume of cuttings produced for sach drill stroke is:
VI o= A % L
where VF s the volume of cutbtings produced for sach stroke,
A dis the cutting area of the drill bit, and
L odis the length of the drill stroke.
The cutting area of the bit is:

A =YX CH - TSy /4

wher e H is the hole diameter, and
Cis the core diameter.

For "E" size drill eqguipment, H = 1.5 inches, and

» g o
-

GL.BI125 dnches.

i

Therefore, A = 1.235 inzn

T4 we use a 35 foot drill stroke,

The vaolume of the inner tube is:

VI = LT % AT

Wiy e YIods the voluwne of the inner tube,
LT is the length of the inner tube, and

AT is the area of the inner tube.
The ocrosz sectional horizontal area of the inner tube is:
. e &,
AT =3 % BILT /4

where BID is the inner barvel inside diameter.,

For “E" size drill equipment, the inside diameter chthﬁ>;;ﬁ§$§4n
harrael is 09385 inch. 1O R

Thersfores, AT = 0,69 inT.

Feor our

This res

W must

AT

QUALITY




VI o= B84 inT .

This leads to a satety factor of

This is close to being unacceptable. This system can ba tested

and, if necessary, the drill stroke can be
haskelt section can be lengthenesd.

shortened or
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PARTS LIST

FART ery DESCRIFTION

1 Drill Rit

2 1 EWE Reaming Shell (Acker 301680)

A 1 EWM Core Barrel Assembly (Acker 20319-48)
2 EWM Outer Core Barrel (Acker 100101)

4 2 Reaming Shell Blank {(Acker 100110)

5 Head fAssembly

6 2 EWM Inner Core Barrel (Acker 300106)

7 2 Inner Barrel Coupling {(modified)

2] 1 Chip Rasket Erntry Section (modified)

not shown 7 Drill Red and Coupling (Acker Z21004-3)
not shown 1 Motor to Irill String Coupling (modified)
not shown 1 Flat Flate Separator (modified)
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FARTS LIST

DESCRIFTION

EWG Reaming Shell (Acker 301680)
EWM reaming Shell Blank {(Acker 100110)

Specifications

Groove Depth = G.0738 inch
Groove Width = 00,1875 inch
Fitch fAngle = 15

Instructions

Grind drill string assembled and mark coupling order

of drill string components to sase later assembly.

ORIGINAL PAGE 1S
OF POOR QUALITY
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FARTS LIST

EWM Outer Core Barrel (Acker 100101)
EWM Outer Core Barrel Assembly (Acker 20319-68)

Specific

ations

i

0,05 inch

it

Groove Depth

i

Groove Width 0.1873 inch
Fitch Angle = 15

2 Auger Flights

Grind Drill String assembled and mark coupling order

of components to ease later assembly.

Flights end S inches from top of third barrel. Drill

a 0.187% inch hole at the end of each of the auger

flights.
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FARTS LIST

Steel Tube (UNS G10O150 HR)

I.D. = 0.8125 inch
0.0, = 1.0625 inch
Length = 4 inches
Instructions

Thread tube at both

inner barrel threads.

ends

to the same dimensions as the

ORIGINAL FAGE 18
OF POOR QUALITY
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SERIPTION

0,125 inch X 2 inch long Steel Rod (UNS G101350 HRD
Tube Steel (UNS G1O150 HR)

ID = 0.8125 inch

on = 1.062% inch

Length = 4 inches

L

structions

i
i

Cut steel tube iﬁ‘half. Weld steel rods 90 degrees
apart to divided section of the steel tube. Top thread
dimensions S EME as head assembly inner barrel
dimensions, and bottom thread dimensions same as inner

barrel thread dimensions.
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ME 4182 WEEKLY PROGRESS REPORT

PERIOD: Jan. 10, 1985 THRU: Jan. 17, 1985  TEAM No,: TH 2130
TITLE: Lunar Coring Drill
COMMENTS

Team met and devided work up. Each member was occupied

with researching present

core drills and their operatlon.

Trying to locate information sources is preszenting a

problem.
HOURS
NAME, INITIALS ENGINEERING TECHNICIAN CLERICAL TOTAL

1)Christopher Thompson 10 10
2)Habi} Khater 10 10
3)Alan Schunk 5 5
4)Jack Kimsey 7 7
5) Jae Lew 6 6
6)

TOTALS = 38 38




ME 4182

PERIOD: Jan. 18, 1985

WEEKLY PROGRESS REPORT
THRU: Jan, 24, 1985 TEAM NO.: TH 2:30

TITLE: Lunar Coring Drill

COMMENTS:

Met often to compare notes on individual research results.

Began researching lunar environment and its possible effects

on coring and core drills,
respect to core drill components and processes.

NAME, INITIALS

1 $hristopher Thompson
2)Nabil Khater

3) Alan Schunk

4) Jack Kimsey

5) Jae Lew

6)

TOTALS =

Redefined individual duties with

HOURS

T ENGINEERING TECHNICIAN CLERICAL TOTAL
9 0.5 9.5

8 8

6 6

7 7

11 11
Iyl 0.5 41,5




ME 4182 WEEKLY PROGRESS REPORT

PERIOD: Jan, 25, 1985 THRU: Jan. 31, 1985 TEAM NO.: TH 2130
TITLE: Lunar Coring Drill
COMMENTS:

The team was primarily occupied with locating and studying
material pertaining to their own division of technical
concern. Preliminary feasibllity studies have been made
by the group for certain components of the core drill.

HOURS
NAME, INITIALS NGIN NG TECHNICIAN CLERICAL OTA

1)Christopher Thompson
2)Nabil Khqter
3)Alan Schunk

4) Jack Kimsey

< O O O @
<N O O ™ O

5) Jae Lew
6)

TOTALS = 35 1 36




ME 4182 WEEKLY PROGRESS REPORT

PERIODFeb, 1, 1985 THRU: Feb. 7, 1985 TEAM No.: TH 2130

TITLE: Lunar Coring Drill

COMMENTS: Feasibility studies are continuing on componenis of the
core drill. Specification of preformance parameters have
been made for the hydrostatic transmission and power
system/prime mover. Seals appropriate for lunar operation
have been selected. Work is continuing on other phases of
the drilil.

HOURS
NAME, INITIALS NGIN H N A TOTAL

1) Christopher Thompson 7 7

2) Nabil Khoter 5 5

3) Alan Schunk 5 5

4) Jack Kimsey 6 6

5) Jae Lew 7 1 8

6)

TOTALS = 30 1 31




ME 4182 WEEKLY PROGRESS REPORT

PERIOD: Feb. 7, 198% THRU: Feb. 14, 198% TEAM NO.: TH 2:20

TITLE:

Lunar Coring Drill

COMMENTS:  This week our group continued to resesrch the

different parts of the core drill end discusesed

ite uese ee 8n implement for the bulldozer or

bsokhoe.

OQur recearch meterial included technical reporte

end VSMF ceteloge to find out what mechinery ie

alresdy aveilable.

We eleo used methematicel formulas to determine

the type and design of mechinery needed for our

particuler specificetions.

We observed bulldozers snd beckhoes on cempue

to consider methode of implementing s core drill

to theee machines.

HOURS
NAME, INITIALS ENGINEERING TECHNICIAN CLERICAL TOTAL

1) Christopher Thompeon 2 2 é
2) Nebil Kheter & &
3) Alsn 3chunk é €
4) Jeck Kimeey 7 0.5 7.5
5) Jee Lew £ £
6)




ME 4182 WEEKLY PROGRESS REPORT

PERIOD: Feb 14, 198¢ THRU: Feb 21, 198% TEAM NO.: TH 2130

TITLE: _Lupar Obring Drill

COMMENTS: Thie week our group continued its research,
creeted dreswings, snd made further oceloulations
in the development of the core drill.

Our research efforte included continued use of VSMF
vendors snd stendards, technicel reports, end
exploring other technologies in whioh core drilling
ie used % high vacuum seals for rotating end ste-
tionsry shefte, ice core drilling).

Also, we have begun to meke drswings of the different
drill eyetems ( bit, dust removal, freme, hydreulic
motor and oylinder ) to be prepered to hand them in
néxt weeke.

Finslly, we have done further eeloulatione considering
column buckling, hydreulioe oylinder size, and duet
removal volume.

NAME, INITIALS ENGINEERING ?gggﬁlCIAN CLERICAL TOTAL
1) Ohristopher Thompson & 1 6
2) Nebil Kheter 2,5 2.% &
3) Alen Schunk £ 1 é
4) Jee Lew 4 2 é
5) Jack Kimeey & 1 0.5 6.5
6)

TOTALS = 51,6 7.5 0.5 29.5




ME 4182 WEEKLY PROGRESS REPORT

PERIOD: Feb, 22, 1985 THRU: Feb. 28, 1985 TEAM NO.: TH 2330

TITLE: __ Iunar Coring Drill

COMMENTS:  This week our gruop continued its research, created detailed
drawings, and made further calculations in the development
of the core drill.

Wokk has begun on writing the report and learning how to
use the Spellstar word processing software.

NAME, INITIALS ENGINEERING ?ggSZICIAN CLERICAL TOTAL
1) Christopher Thompson 2 7 3 12
2) Nabil Khater 3 1 b
3) Alan Schunk 4 3 0 7
4) Jae Lew 4 1 0 5
5) Jack Kimsey 6 1 0 7

6)
TOTALS = 19 13 3 35




ME 4182 WEEKLY PROGRESS REPORT

-

PERIOD: Feb. 29, 85 THRU; Mar. 7, 85 TEAM NO.: TH 2:30

TITLE:

LUNAR CORE DRILL

COMMENTS:
This week we finished our research, but continue to
design and draw in detail each part of the core drill.
Also, we redrew some of last week's design for the
final report. So far, we have completed 20 drawings
for the final report.
Each member has started to type his part of the re-
port on a word processor. Later, we will get together
and edit the final report.

HOURS
NAME, INITIALS ENGINEERING TECHNICIAN CLERICAL TOTAL

1) Thompson, C. 5 5 10

2) Kbater, N. 2 3 5

3) Schunk, A. 4 8 12

4) Lew, J. 3 3 3 9

5) Kimsey, J. 5 9 1 15

6)

TOTALS = 14 28 4 51




